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TECHNICAL NOTE / Pediatric imaging
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Case report
We  report  a  case  of  whole  body  postmortem  CT  angiography  performed  by  umbilical  vein
catheterization  with  visual  and  ultrasound  guidance  in  a  37-week-old  fetus  following  in
utero  fetal  death.
Ultrasound  and  unenhanced  CT  scan  are  systematically  performed  as  part  of  an  insti-
tutional  research  protocol  after  receiving  approval  from  the  parents.  A  multidisciplinary
perinatal  pathology  team  then  decided  to  perform  postmortem  CT  angiography  because  of
the  possible  vascular  causes  of  this  late  in  utero  fetal  death.  An  umbilical  vein  approach  was
performed  by  the  fetal  pathologist  and  the  radiologist  (Fig.  1a),  using  the  usual  peripheral
venous  catheter  (ProtectIV® Plus  Safety  I.V.  Catheter,  22  Gauge,  Smith  Medical  Interna-
tional  Ltd,  Rossendale,  Lancashire,  UK)  under  visual  control  with  conﬁrmation  of  correct
distal  positioning  of  the  catheter  by  ultrasound.  Umbilical  vein  catheterization  is  an  easy
and  reproducible  technique.  After  visually  identifying  (Fig.  1b)  the  two  umbilical  arteries
(smaller,  symmetric,  with  thicker  walls,  located  at  3  and  9  o’clock  facing  the  umbilical
cord)  and  the  umbilical  vein  (solitary,  larger,  located  between  9  and  3  o’clock),  the
∗ Corresponding author. Centre de diagnostic prénatal, hôpital de la Timone-Enfants, 264, rue Saint-Pierre, 13385 Marseille, France.
E-mail address: guillaume.gorincour@univ-amu.fr (G. Gorincour).
http://dx.doi.org/10.1016/j.diii.2014.11.002
2211-5684/© 2015 Published by Elsevier Masson SAS on behalf of the Éditions françaises de radiologie.
122  L.  Sarda-Quarello  et  al.
F cal ve
b
c
d
a
1
s
c
w
d
u
p
t
m
b
i
r
f
b
a
t
i
a
t
2
r
a
s
b
•
•
•
d
a
t
o
ﬁ
w
D
F
i
u
t
i
c
o
m
2
r
f
f
t
n
1
t
t
d
n
f
a
ation,  which  can  be  found  in  many  countries  worldwide,igure 1. a: overview of the fetus installed on the CT scan, umbili
: external macroscopic view of the base of the umbilical cord.
atheter  was  carefully  inserted,  without  an  insertion  nee-
le,  then  securely  attached  with  non-speciﬁc  material  such
s  Steristrips.  CT  acquisitions  were  eventually  obtained
5  hours  after  fetal  expulsion  with  a  multidetector  dual
ource  64-slice  CT  scan  (Siemens  Deﬁnition,  Siemens  Medi-
al  System,  Erlangen,  Germany).  A  test  injection  of  water
as  performed  to  conﬁrm  that  there  was  no  perivascular
iffusion.  Because  there  are  no  published  data  on  this
ndescribed  technique,  and  based  on  our  experience  with
ostmortem  CT  angiography  performed  in  adults,  a  mix-
ure  of  30%  water  and  water  soluble  iodated  contrast
edium  (Iobitridol  300  mg/L,  Xenetix,  laboratoires  Guer-
et,  Villepinte,  France)  for  a  total  of  180  mL  was  manually
njected  with  a  syringe  attached  to  a  short  tube,  volume  cor-
esponding  to  the  estimated  volemia  of  the  body  using  the
ormula  60  mL/kg  [1].  During  injection,  two  complete  procu-
itus/decubitus  rotations  of  the  fetal  body  were  performed
long  the  long  axis  to  prevent  sedimentation  artefacts  from
he  contrast  medium.  The  «whole  body» acquisition  started
mmediately  after  injection-rotation  was  complete  (i.e.  20  s
fter  the  beginning  of  the  injection),  with  the  body  in
he  supine  position.  Imaging  parameters  included:  100  kV;
50  mAs;  collimation  64  ×  0.6,  rotation  time:  0.5  s.  Image
econstruction  was  obtained  with  1.25  mm  slices  with  medi-
stinal,  parenchymal  and  bone  windows.
No  abnormalities  were  visible  in  the  initial  unenhanced
eries,  in  particular  there  were  no  signs  of  intracranial
leeding,  or  bone  disorders.
The  contrast  enhanced  series  showed:
aneurysmal  ductus  arteriosus  with  a  ﬁlling  defect  suggest-
ing  partial  thrombosis  (Fig.  2a);
two  subcapsular  liver  hematomas  (Fig.  2b);
no  other  hemorrhagic,  thrombotic  or  malformative  vascu-
lar  anomalies  (Fig.  2c).
All  of  the  CT  scan  abnormalities  therefore  suggested  that
eath  was  due  to  thrombosis  from  an  aneurysm  caused  by
h
p
sin catheter attached, tube and syringe in place ready for injection;
 ductus  arteriosus  malformation  with  secondary  fetal  dis-
ress  resulting  in  subcapsular  liver  hematomas.  The  results
f  conventional  autopsy  performed  following  CT  scan  con-
rmed  these  results  (Fig.  2d  and  e);  no  additional  anomalies
ere  found  that  had  not  been  diagnosed  by  imaging.
iscussion
etopathology  plays  a  central  role  in  public  health.  Indeed,
t  involves  determining  the  causes  of  perinatal  death  (in
tero  fetal  deaths),  understanding  the  reasons  for  spon-
aneous  abortions  and  in  the  case  of  medical  abortions,
mproving  medical  counseling  to  couples  for  future  pregnan-
ies,  as  well  as  evaluating  the  increasingly  frequent  practice
f  prenatal  screening  and  diagnosis  (both  by  imaging  and
olecular  genetics).
Quantitative  and  qualitative  data  were  provided  by  the
012  national  isurvey  of  the  SOFFOET  [2]. Quantitative
esults  showed  that  each  year  2675  autopsies  are  per-
ormed  following  therapeutic  abortions  (TA),  3050  autopsies
ollowing  in  utero  fetal  deaths  (IUFD),  3622  following  spon-
aneous  abortions  in  the  ﬁrst  trimester  (SAFT)  and  385
eonatal  autopsies;  for  a total  of  9732  acts,  as  well  as
8,600  placental  examinations.  Qualitative  results  showed
hat  (TA)  included:  genetic  disorders  (12.5%)  polymalforma-
ive  syndromes  (15.2%),  cardiac  malformations  (8.7%),  renal
isorders  (8.7%),  cerebral  anomalies  (23.8%)  and  fetomater-
al  disorders  (28%).
Moreover,  the  population  pyramid  of  practitioners  in
etopathology  shows  that  40%  will  be  retired  in  10  years
nd  80%  of  them  do  not  expect  replacement.  This  situ-as  resulted  in  the  development  of  «less  invasive» autopsy
rotocols  combining  external  examination,  imaging,  organ
amples  and/or  targeted  biopsies.
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Figure 2. a: MIP reconstruction axial view of the upper thorax showing the partially thrombosed ductus arteriosus aneurysm (arrow); b: MIP
reconstruction axial viewof the upper abdomen showing the 2 subcapsular liver hematomas (arrows); c: whole body 3D MIP reconstruction
with a left anterolateral view showing enhancement of the entire vascular network; d: anterior view of the hepatological-digestive network
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wconﬁrming the subcapsular hepatic hematomas (arrows); e: anteri
arteriosus (arrow) and the thrombus.
There  is  now  solid  published  evidence  on  the  role  of
postmortem  perinatal  MRI.  Recently  in  the  Lancet,  Thayyil
et  al.  [3]  analyzed  400  cases  including  277  fetuses  and  123
children.  The  causes  of  death  or  major  disorders  found  on
imaging  were  conﬁrmed  at  autopsy  in  357  cases.  A  full  tra-
ditional  autopsy  could  have  been  avoided  in  165  cases  (41%)
because  of  the  99.4%  agreement  with  imaging.  In  this  article,
imaging  results  were  poorer  in  older  children.
Another  recent  article  [4]  shows  that  it  is  possible  to  visu-
alize  fetal  cardiac  structures  on  postmortem  3  T  MRI.  MRI
can  also  reliably  estimate  the  volume  and  extrapolate  the
weight  of  organs  compared  to  an  autopsy  [5].
To  date,  there  is  no  published  data  on  enhanced  or  unen-
hanced  perinatal  postmortem  CT  scan.  In  our  experience
(unpublished  data)  in  40  postmortem  unenhanced  CT  scans,
CT  scan  was  better  than  standard  X-rays,  except  for  detailed
assessment  of  digits  (toes,  ﬁngers).  This  is  in  agreement  with
results  published  in  older  infants,  in  particular  following
sudden  infant  death  syndrome  [6].
In  2008,  Ross  and  his  group  were  the  ﬁrst  to  perform
whole  body  postmortem  CT  angiography.  In  their  group,  the
injection  was  performed  using  a  minimally  invasive  approach
by  Scarpa’s  triangle:  surgical  incision  then  successive  can-
nulation  of  the  femoral  vessels  (artery  and  veins).  Contrast
enhancement  included  an  injection  of  a  mixture  of  a  water
soluble  contrast  medium  and  polyethylenglycol  (PEG  200,
i
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cew of the cardiac network with aneurysm of the resected ductus
chaerer  and  Schlaepfer  AG)  [7]. Our  team  has  proposed
nother  technique  [8]  using  ultrasound-guided  arterial  punc-
ure  with  a  standard  CT  scan  contrast  media  injector  and
ombining  a  mixture  of  water  and  a  conventional  iodated
ontrast  media.
Fetal  ductus  arteriosis  aneurysms  do  not  seem  to  be  rare
9], and  one  case  of  postnatal  death  has  been  reported.
lthough  a  direct  perinatal  intracardiac  injection  technique
as  been  published  [10],  ours  is  the  ﬁrst  report  to  describe  a
hole  body  postmortem  CT  angiography  by  an  umbilical  vein
pproach  following  in  utero  fetal  death.  Not  only  direct  car-
iac  but  we  also  chose  umbilical  vein  catheterization  rather
han  the  umbilical  artery  for  several  important  reasons:
the  larger  size  of  the  umbilical  vein;
the  distal  end  of  the  catherter  is  easier  to  identify  on
ultrasound  when  it  is  located  in  the  hepatic  parenchyma;
a  greater  probability  of  mixed  fetal  vascular  enhancement
(venous  and  arterial)  because  of  the  short  pathway  to  the
heart  and  thus  the  ductus  arteriosus.
Testing  an  approach  by  the  umbilical  artery  is  an  ongoing
ork,  where  the  quality  of  enhancement  of  both  approachess  being  compared.
Obviously,  the  goal  of  modern  perinatal  mostmortem
maging  is  not  to  replace  conventional  autopsy.  Indeed,  in
ases  of  in  utero  fetal  death,  histological  anomalies  are
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egularly  identiﬁed  in  the  liver  and  the  lungs,  for  example,
howing  signs  of  bacterial  or  viral  fetal  infection  [11].  More-
ver,  there  are  no  published  series  comparing  the  results
f  targeted  organ  biopsies  (guided  by  imaging  in  particular)
ith  traditional  autopsy  tissue  samples.
Nevertheless,  it  is  clear  that  this  technique,  com-
ined  with  others  (ultrasound  in  particular)  will  play  an
ncreasingly  important  complementary  role  in  the  ﬁeld  of
etopathology.  For  cardiac  and  vascular  evaluation,  the
patial  resolution  of  this  technique  and  the  intravascular
ontrast  enhancement  should  make  it  superior  to  MRI.
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